Abstract
Introduction
Design projects in both industry and academic settings are rarely conducted individually. The size and complexity of many design projects often necessitate groups of engineers working together. Engineers working in teams can divide projects into smaller, more manageable sub-projects. This division also allows for teams to work on the aspects of the project in which their strengths and expertise lie. Engineers working in teams can also share ideas, comment on designs, and prevent errors. Thus, the collaboration between engineers in a team is crucial to the effective and efficient evolution of a design.
Collaboration in this context can be defined as working together in a group to meet a common design objective. On the other hand, consensus is the idea of bringing together individual elements of a design and agreeing as a group on the final design. Collaboration is a higher level of team interaction that is desirable during the design process. Failing that, consensus is a lower level of interaction that is often present in place of true collaboration.
Design projects in an academic setting are similar to those in industry, although there is more emphasis on individual learning. Academic design projects can be conducted individually or in groups. Some of these group projects include student competitions such as those hosted by the Society of Automotive Engineers (SAE). The University of Waterloo has a number of student teams participating in various design competitions. This paper examines some of the factors that contribute to the creation of a successful design and the overall success of the student team by comparing the University of Waterloo Formula SAE (FSAE) team and the University of Waterloo Off-Road Mini Baja Team (WOMBaT).
SAE COMPETITIONS
The SAE organizes a variety of student competitions for their student members. These student competitions include [1] :
Aero Design® Clean Snowmobile Challenge™ Formula SAE® Series Mini Baja® Series Supermileage® Robot System Challenge™ Micro-Truck Baja Each of these student competitions have their own focus and specialized requirements. However, they all share a common competition objective. The wording of the objective for each of the SAE student competitions may differ, but the intent is the same. For example, the SAE Mini Baja rules state that [2]: "The object of the competition is to simulate realworld engineering design projects and their related challenges. Each team is competing to have its design accepted for manufacture by a fictitious firm. The students must function as a team to design, build, test, promote and compete with a vehicle within the limits of the rules, also to generate financial support for their project and manage their educational priorities."
THE TEAMS
The University of Waterloo has a number of student teams participating in various SAE organized student competitions as well as other non-SAE competitions. For the purposes of this paper, two of the University of Waterloo student teams were examined. The first was the University of Waterloo Formula SAE (FSAE) team which competes in the Formula SAE competition. The second was the University of Waterloo Off-Road Mini Baja Team (WOMBaT) which competes in the Midwest Mini Baja competition. It was interesting to compare the two teams since their respective competitions and vehicles have different requirements, but they have similar team requirements.
The competition goals of the 2005 Formula SAE state that [3] :
"For the purpose of this competition, the students are to assume that a manufacturing firm has engaged them to produce a prototype car for evaluation as a production item. The intended sales market is the nonprofessional weekend autocross racer. Therefore, the car must have very high performance in terms of its acceleration, braking, and handling qualities. The car must be low in cost, easy to maintain, and reliable. In addition, the car's marketability is enhanced by other factors such as aesthetics, comfort and use of common parts. The manufacturing firm is planning to produce four (4) cars per day for a limited production run and the prototype vehicle should actually cost below $25,000. The challenge to the design team is to design and fabricate a prototype car that best meets these goals and intents. Each design will be compared and judged with other competing designs to determine the best overall car." "Each team's goal is to design and build a prototype of a rugged, single seat, off-road recreational vehicle intended for sale to the non-professional weekend off-road enthusiast. The vehicle must be safe, easily transported, easily maintained and fun to drive. 
Observations
Observations of the team structure, the level of collaboration, and the level of success of both the Formula SAE and Mini Baja teams were made. These teams compete in similar SAE competitions, but have quite different cultures at the University of Waterloo. This allows us to comment on various theories in organizational behaviour as well as theories in organizational design.
COMPETITION RESULTS
Comparisons based on observations of the Formula SAE and Mini Baja teams only identify difference between the two teams. Without a measure of performance, it is impossible to determine the impact, if any, of the observed differences. The easiest measure of performance is the overall performance of a given vehicle in its respective competition. The performance of the Formula SAE car and the Mini Baja cars over the past five competition years can be seen in Figure 1 . The overall results have been normalized to form a fraction since there are a different number of cars in each competition. This performance fraction was defined as:
This performance fraction was used since a low position in the overall competition is actually good. Hence, a performance fraction of 1.0 corresponds with first place. It should be noted in Figure 1 that the Formula SAE rules only allow for one car per university while the Mini Baja rules allow for up to two cars per university. It is clear from Figure 1 that the University of Waterloo Formula SAE team has consistently performed better than the Mini Baja team.
FACTORS INFLUENCING THE DESIGN
There are a number of factors that influence the design of the vehicle, and ultimately the success of the vehicle and the team. Wickenden and Stobart, in their paper on integrating Formula SAE with the engineering curriculum, identified six factors that influence the design of a Formula SAE car [5 The judges' personal preferences may influence the design of the vehicle. A team may design and build their car to implement the judges' personal preferences as opposed to a new solution [5] . This information if not found in the rules and can only be obtained through competition experience. Therefore, it is important for students to attend previous year's competitions prior to designing and building their own vehicle.
Design projects in an academic setting often have two separate objectives. The first is the end goal of the given competition or research project. The second is to meet the necessary academic requirements of the given design course or degree. Therefore, the academic requirements and pressures may influence the design of the vehicle. Better integration of the competition and academic objectives should improve the overall performance. Both the Formula SAE and Mini Baja teams at the University of Waterloo have consistent participation of fourth year students working on capstone projects related to their vehicles.
The facilities available to the student teams may dictate the choice of materials and manufacturing methods used to design and build the vehicle. This includes access to the appropriate machining and welding facilities.
Furthermore, access to the appropriate testing facilities is essential, whether it is a suitable autocross track or an off-road motocross track. At the University of Waterloo, both the Formula SAE and Mini Baja teams have their own facilities set aside to build their vehicles. Members of both teams have access to the Engineering Project Shop and both teams receive support from the Engineering Machine Shop.
The personal experience of the student team members is one of the most critical influencing factors in the success of the vehicle. Personal experience is gained through involvement with the team, especially in the earlier years. Personal experience can also include experience gained through co-op programs and internships. This experience gained on work terms is then brought back to the team. A wide variety of personal experiences can be greatly beneficial to the student teams.
All engineering students at the University of Waterloo participate in our co-op program, and we have no data to indicate any difference in co-op experience between the two teams. However, there is a noticeable difference in the team experience between the Formula SAE and the Mini Baja teams. The Formula SAE team has a culture that attracts younger students who get involved in the team and gain experience with the team prior to their fourth year projects. On the other hand, the Mini Baja team has a culture which predominantly attracts fourth year students with little Mini Baja experience prior to their fourth year projects.
Previous entries can be an influence on a teams design and success. Previous entries provide a starting point for new designs. They can be an example of what works and what does not work in the design. However, basing a new design on a previous entry can have the negative consequence of limiting creativity and innovation.
Finally, the funding of a student team has an influence on the performance and success of the student team. The lack of funding can have a negative effect on the performance of the student team by limiting the design options and manufacturing methods available or even the team's ability to compete. Funding for student teams comes predominately from two sources: 1. Sponsorship from outside the University in the form of cash and discounts as well as materials-inkind and labour-in-kind.
2. Support within the University which includes financial support from the Dean of Engineering, the Department of Mechanical Engineering, and the Waterloo Engineering Endowment Fund (WEEF). At the University of Waterloo, the Formula SAE team has a considerably larger budget than the Mini Baja team. This is likely due to Formula SAE car costing more and that the Formula SAE Series is a higher profile competition. This does not mean that the Mini Baja team is under-funded. Both teams have sufficient budgets to build their vehicles and attend their competitions. A lack of funding has not been a major constraint on the designs.
From the factors that influence the design of the car and the success of the team listed above; the judges' preferences, personal experience, and the previous entries all require early involvement of students on the team. This is evident when looking at the Formula SAE and Mini Baja teams. At the University of Waterloo, the Formula SAE team historically has a number of students participating as volunteers during their younger years, prior to their fourth year design projects. On the other hand, the Mini Baja team is predominantly made up of fourth year students. The involvement of students prior to their fourth year adds to their personal experience as well as providing an opportunity to learn the judges' preferences.
Thus, the involvement of younger students may be one of the contributing factors in the success of the Formula SAE team compared to the Baja Team.
In their work to integrate the Formula SAE competition into the engineering curriculum, Wickenden and Stobart identified the judges' preferences, students' academic requirements, facilities available, personal experience, previous entries, and funding as factors that influence the design of a Formula SAE car. However, these factors and the resulting design are not the only factors that contribute to the overall success of a student team. Other factors (whether they truly collaborate) that influence the overall performance of the team include the organizational structure and management of the team, management training, and the team's culture.
TEAM STRUCTURE
The organizational structure in which the team members operate may also have an effect on the overall performance of the team. From the first author's experience with companies designing industrial machinery, engineers in a design setting are often divided into design teams responsible for a specific sub-system. These teams collaborate internally on designs and externally with other teams working on the project. This is an example of a functional structure as opposed to a divisional structure. A functional structure is an organizational design structure that groups people together based on their area of expertise, their experience, or the resources that they use [4] . A divisional structure is an organizational design structure that groups people from varying backgrounds together to meet the specific needs of a project, product, market, or customer [4] . Figure 2 shows a hypothetical functional structure within an engineering design department, while Figure  3 shows a hypothetical divisional structure. Design projects in an academic setting can include final year design projects, engineering student competitions, and collaborative research projects. These academic design projects often try to emulate the design process in an industrial setting to teach design principles and practical engineering skills. In these academic design projects, students are organized into teams. A common practice in academic design projects is to divide the project in to sub-projects and assign each to an individual student. The sub-projects are completed individually and combined together to meet the final team objectives. Figure 4 shows one example of a student team structure.
Design projects in an academic setting often have two separate objectives: the competition objectives and the academic objectives. For this reason, students who take on the leadership and management of the team have a dual role as both a leader and a designer, since it is difficult to gain academic credit for management. This duality leads to a flat or horizontal team structure as seen in Figure 5 . Despite this pressure, the Formula SAE team at the University of Waterloo demonstrates a level of hierarchy within the team structure that is similar to that seen in Figure 4 . It is interesting to note that historically those who take on the leadership roles in the Formula SAE team are those students who began participating as volunteers in their younger years. In contrast, the Mini Baja team exhibits a flat or horizontally distributed structure similar to that seen in Figure 5 .
Discussion
The performance of the Formula SAE and the Mini Baja teams were observed and compared with respect to the team structure and the early involvement of students on the team.
From these limited observations, the success of the team is not only the result of the design of the vehicle itself but also the design of the organization and the organizational behaviour of the members within the team.
HIERARCHY
Hierarchy refers to the levels of vertical differentiation within an organization or team [4] . A hierarchy helps an organization coordinate and motivate its members. As the tasks the team is trying to accomplish begin to increase in number and complexity, coordinating all the activities becomes more difficult. Hence, a level of hierarchy is required to coordinate all the activities of the team and to ensure that the team members collaborate on the project; so that the team members work together to meet the common goals of the team. In addition to the facilitation of collaboration within the team, the presence of a well defined hierarchy in a team also results in the centralization of the decision making process.
The alternative to a hierarchy results in a flat organizational structure. With a flat structure, all the team members are at the same level in the organization. This leads to difficulty coordinating the team and ensuring collaboration among the team members. This flat structure, with all the members equal, results in an environment in which the team members work individually and then bring their work together. Decisions are then made by consensus within the team. This flat organizational structure results in an individualized decision making process where team members find it difficult, or hesitate, to contribute effectively to the group decision making process. There are no rigorous discussions and there is a lack of confidence (authority) to questions ideas.
AUTHORITY
Collaboration within a design team requires both communication and coordination. However, in a flat organizational structure there may exist a lack of authority. Authority refers to the power a person has in order to hold people accountable for their actions and to make decisions concerning the use of the team's resources [4] . This is not to say that there is no communication or interaction in a flat team hierarchy, but that the lack of authority during the design process results in decision that are made by consensus. The lack of authority also results in a lack of coordination that is required for effective collaboration during the design process.
BUREAUCRACY
In addition to a lack of hierarchy, the lack of bureaucracy in a team can lead to inefficiency and a lack of team performance. Bureaucracy was proposed by Max Weber (1864-1920), a German sociologist, as an organizational structure that effectively allocates decision-making authority and the control over resources [4] . In this way, the team members are held accountable for their actions and deliverables because they are required to act in accordance with formalized rules and standard operating procedures [4] . Bureaucracy is often associated with inefficiency. However, bureaucracy was originally envisioned as an ideal state and it is the over application of bureaucracy that is inefficient. On the other hand, the lack of bureaucracy reduces the effectiveness of the coordination required for collaboration during the design process.
Bureaucracy in the form of standardized procedures can be used to gather and store team knowledge. Archived team knowledge can also be used by individual team members later in gaining personal knowledge and experience.
LACK OF FORMALIZED TRAINING
The factors that contribute to the successful design of a vehicle for a student competition have been identified. However, a successful design is only one component to the overall success of the team. In a paper on identifying the need for changes in the engineering curriculum, Toler felt that the objective of the undergraduate engineering education is to take students basic math and science skills and teach them the basics of the engineering profession [6] . This education can be oriented towards either the theory or the application. However, this education is still based on the fundamental math and sciences. In addition to engineering skills, strong team skills are an attribute that are often sought by employers but not often explicitly taught as part of the engineering education [7] . Student team based projects significantly increase the opportunities for team interaction, but they rarely provide sufficient training to enable the students to function effectively in a team environment [7] . Therefore, in addition to teaching engineering skills, it is important to also teach team skills. One solution is to incorporate formal team training into the undergraduate engineering education. On example of this is the BESTEAMS project based out of the University of Maryland [8] . BESTEAMS stands for Building Engineering Student Team Effectiveness and Management Systems [8] .
A program such as BESTEAMS focuses on three areas of team functioning: personal awareness, interpersonal dynamics, and project management [8] . Collaboration within the team during the design process is one example of the interpersonal dynamics that can be taught formally. In addition to these three areas of focus, they are all offered at three levels of instruction: introductory, intermediate, and advanced [8] . Table 1 illustrates this modular system for this student team training program. 
Conclusions
There are a number of factors that contribute to the success of a design and ultimately the overall performance of the student team. These factors include: knowledge of the judge's preferences, academic requirements, the facilities available, the personal experience of the team members, previous entries, and funding. These factors contribute to a successful design but there are others factors that contribute to the over performance of the team. The organizational structure of the team is an important factor in the success of a student team, as is effective collaboration during the design. A well defined team hierarchy contributes to the success of the team. A well defined hierarchy is essential in coordinating and motivating the members on the team and it also helps facilitate collaboration within the team during the design process. The lack of a hierarchy results in a flat team structure that lacks authority and results in design by consensus instead of collaboration.
Recommendations
By comparing two student teams and identifying factors that contribute to their overall performance, recommendations can be made on improving experience, team organization, and training.
Personal Experience of the Students. The overall performance of the team can be improved by increasing the experience of the students on the team. This can be accomplished by encouraging students to join the team prior to their final year. Early student involvement can be achieved through team recruitment initiatives or by incorporating the team projects into the engineering curriculum prior to the fourth year design projects. 
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